# Fermilab 1339

(SSC-N-20)
0102.000

IMPEDANCES OF THE SHIELDED BELLOWS IN THE SSC
AND THE EFFECTS ON BEAM STABILITY

King Yuen Ng

July 1985



IMPEDANCES OF THE SHIELDED BELLOWS
IN THE S8C AND THE EFFECTS ON BEAM STABILITY

| King Yuen Ng

Fermi National Accelerator Laboratory#*
P.0. Box 500

Batavia, IL 60510
July 1985

INTRODUCTION

The 1.08 km of bellows in Design A of the SSC1 will

contribute to single-bunch instabilities:2

1. transverse mode-coupling
bellow contribution il_= 68 MQ/m,
allowance for stability 2J_ < 120 MO/m,

2. transverse microwave (for broad band at 13 GHz)
bellow contribution |ZL] = 274 M{Q/m,
allowance for stability iZli < 12B7 MQ/m,

3. longitudinal microwave
bellow contribution fZlI/nl = 2.3 &,
allowance for stability |Zil/n; < 4.7 Q.

In above, we have assumed an average single-bunch current I

i

= 7.7 WA, RMS energy spread GE/E 1.5:{10_4 at injection

energy of 1 TeV, RM3 bunch length g, = 7 cm, average

* Operated by the Universities Research Association, Inc.,

under contract with the U.s. Department of Energy.



betatron function B = 150 m, and freguency-slip factor n =
1.3x10_4, In order to support a stable bunch beam of the
designed Intensity, the bellow corrugations must Dbe
shielded. This shielding also needs itself to have low
enough impedances. A suggestion 1s to wuse two circular
tubes each of thickness 2 mm as shown in Figure 1. The
separation between the tubes is 2 mm; inside the separation,
balls or fingers can be placed for contacts., There will be
roughly 5000 bellows each of which contains 72 corrugations
{period = 3 mm). The design 1is to have a bellow of length
50 c¢m. At room temperature, the two shielding tubes overlap
completely while at superconducting temperature, they
overlap for only 30 cm leaving a gap of g = 10 cm at each
end. HWe want to study the impedances of such a
configuration and the dependence on the gap length g.
COMPUTATIONS

Since the corrugations are shielded, we can approximate
the configuration by forgetting all the corrugations. The
code TBC13 is used to calculate the wake potentials of a
Gaussian bunch with RMS8 length 9 and truncated at 50 . A
Fourier transformation of the wake potential will give us
é(w), the effective impedance seen Dby the bunch, which is

related to the actual impedance seen by a point charge Z(w)

by
(W% /e )*

A -4
Z) = Zw)e * (1)



We truncated the wake potential at 30 cm so that the
impedance would have a resolution of 0.5 GHz. A bunch
length of g, = 2.5 mm was used so that the impedance Z was
attenuated to 5% at ~48 GHz. The mesh was taken to be 0.5
mm 30 that there would be four between the two shielding
tubes. We had tried to reduce the mesh size by half; not
many changes 1in the results were observed but the
computation time was increased by several times.
IMPEDANCES

In general the impedances of a shielded bellow look
very ‘different from those of an unshielded one. The
longitudinal impedance in Figures 3 and 4 looks very similar
in shape to the impedance of a cavity formed by closing the
gap between the two shielding tubes. But the effect of the
gap does show up in Figure 3 by contributing 6.67 { (instead
of zero) at low frequencies and a broad resonance near 48
GHz. This 6.67 & can be understood by the fact that
electromagnetic energy is leaking through this gap. In fact
this gap can be viewed as a coaxial transmission line of
infinite length and inner and outer vradii 1.7 and 1.9 cm,
connected in parallel to the Dbeampipe. Thus the impedance
is just Zc = (ZOIZﬁ)ln(1,9/1.7) = b6.67 &, the characteristic

impedance of the transmission line.



At low freguencies, the cavity of 1length g = 10 cm and
radius d formed by <closing the gap between the shielding
tubes can also be considered as a transmission line
connected in series with the Dbeampipe which is of radius b.

The impedance4 at frequency f is
Z/f = ki g, (2)

where the effective attenuated cavity length Yo is related

to the true length g by

-Yq -1
%/ = (1-e9)(re)" (3)
with the attenuation constant v = 2.405/d. With b = 1.5 ¢cm
and d = 1.9 cm, we get % = 2.35%10 2fQ in agreement with
the initial slope in Figure 3. This cavity gives a

reaonance at 6.2 GHz, which i1is also seen in the plot. We
want to point out that what we have described so far are
independent of the 1length g since g»>°*b and the overlap
length of the shielding tubes 1s also >>b. At higher
frequéncies, the plots exhibit a broad band from 12 to 25
GHz which 1s the characteristic of the c¢losed cavity
described above.

For the transverse impedance, the first resonance comes
at 2.8 CGHz. This is the 50 called "ring mode" (a TM mode)

if we consider the gap between the two shielding tubes as a



coaxial transmission line, which starts transmitting in the
dipole mode when the azimuthal wave length is equal to the
circumference of the line. The imaginary part of the
tranasverse impedance starts from ~1.35 kf/m which is due to
the inductive property of the cavity formed by closing the
gap between the two shielding tubes. Again, these low-
frequency impedances are not dependent on the length of the
‘"closed" cavity g or the length of the overlap of the
shieldings. We have performed computations with g = 5 cm,
10 cm, 15 cm, 20 cm and found no appreciable changes in the
impedances at low freguencies. At higher frequencies, some
more resonances are seen.
STABILITIES
The effective transverse impedance ZL that contributes

to the transverse mode-coupling instability is given by

Z.i. = ‘ES{E:?_‘T f Jm ZL{"’) ﬁ""' (wof/c)dw n (4)

- 00

For a RMS bunch length o = 7 cm, our computation yields for

5000 bellows Z, ~ 5000x1.35 6.75 MQ/m which is 10 times

L
smaller than the unshielded bellows and will not lead not
mode-coupling instability.
For the transverse microwave, we have from our results
gzlg = 5000x2.4 = 12 M@/m at ~3 GHz, which is 22 times

smaller than the unshielded bellows.



For the longitudinal microwave, we have a broad band of
Elf z 35 O at £ =15 GHz. For 5000 bellows this yields Zi|/n
#0.039 O which is about 60 times smaller than the unshielded
bellows.

For the longitudinal mode-coupling, the total bellow
contribution to Imzsiin isa ~0.039 & which is about 16 times
smaller than the unshielded bellows-.

Since the contribution to the impedances is lowered by
so much, all types of single-bunch instabilities can be
avoided and the shielding scheme in Figure 1 is workable.

REMARKS

We are interested in the stability of a single bunch
which has‘a RMS bunch length % = 7 cm according to the
Reference Designs. Thus, wake potentialﬁ'calculated up to
30 em (>40 including 95.5% of the bunch particles) will be
long enough for our purpose. However, one may think that,
since the overlap length of the shieldings 1is 30 cm, the
reflected waves will show appreciate effects to the wakes at
60 cm. When these effects are Fourier transformed, the
impedances will be very much modified from those obtained
from the wakes truncated at 30 cm. With this in mind, we
compute the longitudinal wake up to 110 cm. The result is

shown in Figure 8, which exhibits, as expected due to the

reflected waves, a big eruption around (60+5x0.5) cm, where



0.5 c¢m is the RMS length of the test Dbunch. The
longitudinal impedance shown in Figures 9 and 10 is indeed
different from our former one in Figures 3 and 4. Here, we
see resonances at 0.0, 0.5, 1.0, 1.5,... GHz which are
resonances of an open-end transmission line of length 30 cm.
The transverse counterparts, on the other hand, are not much
different from those shown in Figure 5 - 7.

However, although the impedance plots are different in
the actual computations of the thresholds of single-bunch
instabilities, for example, in formulas similar to Eg. (4),
the different impedances will 1lead to exactly the same
results. Thus, we can conclude that, by computing the wakes
up to only 30 c¢m, although the impedances obtained through
Fourier transformation may differ from the actual ones,
nevertheless, they are completely adequate for the study of
aingle-bunch instabilities., As a vresult, we can perform a
gsimplified TCBI computation by closing the shielding gap at
the point A (Figure 1) without losing anything but gaining
gquite a lot in the reduction of computer time.
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corrugations

< g=10cm e 30 cm o> &~ §=10CM —>

b=1.5cm

Figure 1. A shielded bellow
Thickness of each shielding tube
Gap between two shielding tubes

2 mm,



Z 24nblL4

NI NI HINCY 40 3NOT1lddd LS4ETd WOdd 33INg1LsTa

e ac q3< Lol ZZ a2 a1 gt +=1 Zr g1 g g ¥ < a
L L . ) ! 1 _ . . . . L Er+3ah-1 "~
_A - €1+33711 "~
- &1+3086 "-
- &1+3089 "~

b S0 "~

T
}
|
t
¥
I
1
1
i
t
i
i
I
|
]
!
I
!
I
i
i
i
|
1
t
i
1
t

R it ittt I I N

1
L]
i
1
i
i
1
i
]
i
{
!
]
1
]
i
i
]
l
1
1
|
!
t
'
i
|
I
]
i
A

- 213008 "~
A
J i N ’ _\ .s)__(m-.‘ hf Jc.frr & v \...... ! ; ﬁl
L LA e’ ON ; I U G e e A I PO i —_— — - -
N _/\hl/ e Valh \\ ‘ = 4 T /x ...x. ) P i “ - TE+300% 0
. X ' | i ) | -~ 1
i [ 4 H i a_.r\ ! i
i L _~ ] i i i
] I ] i 1 L
\ . | i i I _ L &+ 3082 D
§ i i 13 i H
i ! i i i 1
$ { t i i I
' ] i 1 i } “.z
' i i ' 1 ' - 21 +3088 6
4 ! | t t |
| i t ]
] i 1 i
WA 0572 = BWIIS _ ! _ _
| i i t - +~ i Y
G —/+ = SHRNILS 40 ON _ ! { ' stramseTe
HINE NHISSIHS : ” i " =
t i i i
i i i L

e +~3001 ¢

(SHA €1+3bEL "~ = OILPHIHINTIIT  IM¥gM TdNTAOnLTENG

SHA NI 3>EM TgNIONLIOND T



10

€ aunbL4

Gt + S O & Q9 BE SE bE g€ s B e L& Bl af +L &I JE @ = = < {
P i 4 I I L | i R 1 i | TI— i } i Lt 1 O0+3000
i [ S Ly 1 i i t ] i t
! .....,D.C_,;rl ),.f..... ! | i i I f |
i A 1 ] } ' | ' ]
i t .Ef\ ! | | I 1 1 ﬁ
l 1 i f x i ! [ f t 18+ 308
! / 1 { [ O ' t i | i )
R i i bt ! i 1 1 ] %f\/&f\
1 m i ) i * f g i 1 At g .
i t | i I I t } [y
1 \ t ' 1 m | “ t | { \ ﬁr b~ T4+ 30836
ﬁf t i o M m ! 1 I 1 3
A 1 ! A I ro | ) A
n_ ! ) ] _ 1 1 | ﬁ_
M/Q_ [ § 1 ~* 1 | _ 1 M }
] 1 ! i i l , i ~ J — Zl+ Db |
i 1 1 | m 1 1 _ 1 _ﬂ i
i t ! 1 h 1 5 ! R i
! | i i v 1 :\ ' ! i
I ] 1 t 1 [ 1 [ i
[ ) i [ 1 ~ i 1 __ ! B SO+ACE T
¥ { ) i 1 { i 1 i t
i i ! i ___ P 1 1 3
1 { ] i | i = i ] i
i i i i i H t !
1 | ] i i —: | } i i - S+ 30e
t § [} i 1 1 i ] ]
f t t H i ] 1] i i
i f ] 1 ' i 1 _ I {
t 1 i 3 ] i 1 I H
) ’ i i i i ) C 1 ! b S0+3088
| t 1 f ' i | t
1 t ' ] ] 1 ! 1
3 v ! i 1 ! 1 \
1 i 1 1 ! ! | !
t ) 1 ! | 1 r b I } - S A9EE
! ) \ i ! ) i '
1 i i ] ] { f 1 1
1 i i | ! \ 1 1 3
H ( 1 1 i { t ] t
' t i 1 1 [ ! 1 i - S+ e8as
] i | i | i i 1 H
' H { ] t i (
{ H t { H ] }
WA 0572 = GMaIs | | { | Vo _ '
i i t | 1 1 t L A ges
S o~y = SHWETS 43 0N } | ! i 1 ! | corACEY
H
HIONAG MEISSHG _ , “ | “ “
[} ] i t 1 ] §
L i i 1 i 1 i

S+ 30y

UlEE4) 30NHOIdND IENTON L ToMgT

MI 3ONG0EdWT -HNTIAN LISONGT

[N



— p 24nbi 4

—

ZHD NI A2M3N03EH 4

8 9 H S O & BE & SE 8 89 92 & & DE YL 9l +F 20 9L g g + [ 1
i

i - i 1 + 1 J 1 i “ i i . Ji | w i A T i i ‘_q L 1 . { 1 S0+ 3807
1 [} 1 § ] i i [} H
1 1 | ] I { I i |
¥ } ] 1 ] ¥ H i )
] 1 i | t 1 t ) H
i ] 1 1 1 i ) i 1 - S+ 309E
1 i ! ] 1 \ i | t
i ] i 1 [ i i i i
{ i ] 1 ] 1 H H t
i i 1 i i i ! 1 1 1
1 ' 1 i ; _)_ i ~ 1 1 ) - SL+3v 0
1 3 i I i f ] § ]
| | | fRi | | | |
i { t 1 - m i i I 1
1 i i | | ” i f ! i - T0+3085
] H i ! i i 1 [} t
1 $ 1 %/w M : % 1 1 _ — 1 ' }
1 f i ¢ | [ [ I [
A i
] t -~ ﬁ_ f I 3 _ §
' ; 4 \Jf\ oo | | N f | \ L po+3apoe
- - - = - = 9 - = 7 M R - T - | 1 — [ | - T - - = -
P ... _.I at
U VA | IRV " “ o
- y o f ) 1 | Q‘ ﬁ._a _ ) 1 1 t J..._
1 I | ! 1 ] { 1 | 1 \_ - 10+ 300+
i \_. ) ' 1 1 ) ] i ! \_
T i i
AV ~ | | " " " )
1 f 1 i 1 1 ! i f o
i 4 i i [ [ 1 1 ( \ b T+ 3088
{ t i ! 1 i i 1 i
1 ' 1 i ! ] i i VA
i 1 I I i § H 1 )
[} ] ] I t i i 1 -’\- .
f H \ ! ] 1 _ J R | \ - S0-d9e]
] t 1 ! ] i t .._..
i i ] i i ¢ _ § 1
I | 1 ! i i ) 1 ;
t i i 1 ] 1 ] { t
t ] t } i I i 1 C { b e+ E3
i ! ) J i ! 1 ? '
{ 1 t ] I I ]
i t 1 i [} __ 1 H
My 99°¢ = BAIIS i I i 1 1 | i
1 i t 1 1 1 1 - ase
S -f+ = SHWOTE 40 ON _ _ _ | | ; Ehwdes
i i i i
HINME NEISSAHa : | , | ) \ \
i ] H ] 1 [} {
} " L i i i 1 & apae

CAGUNTITHWTT  30NGO 4T G Tan L LOmOT

g AN L IAN0T

NI 3ONEO3ANT

SIAHO



M 052 = BHOIS
SHWRIS A ON
HINOG MU TSSO

.m ...\+ s

T
i

N 94nbL
N g L4
WI NI HIMNE 40 30T 1ld8d LS d WDdd 3ONgLSTO
= aE 8 = & o8 fiToA 1= a1 =i &L RS LY | 9 t= < {
4 3 — 1 1 | 1 1 . ! L | L I 1 1
i 1 i ! t i
t H 1 | 1 1
\ ' 1 t i 1
1 ! i f i 1
i i i { i § -
i i i f l I
1 t ! ¢ { 1
i i H i i k.. H
f i ! ! if !
{ 1 ' ¢ ,__ 1 =
\/) ) t ' } p 1
! 1 i ~ M ¢ |
! 3 P ' ) ____)/ i | ! ]
_K SN ! . by J 4 &
||l.iT.|v.M.._-b !le:ix — T ,!t\!l!r-nlnf._,l.lilff!...._rl e S
t { i | I Foa 1 '
! .«.K. t .,,. ' /rr\. \\J//.w\\ ! __.( _
i i ! ! 1 A
| v i / t ™
1 ! 1 [~
1 ! i
3 t !
| 1
i t
i i -
1 t
1 t
¥ I
t t
' 1 -
1 i
i [}
i t
] }
1 ]
1 )
i ]
{ 1
i '
] 1
| i
1
i
!
i
)
t
!
I
i

(/SN

bi+3EHZ 70

0 +EH081 -

Ll - i Tl S

- E1+4008 T~

L0+ 30040

i -3008

ol

Lt
i
1

[~ S

L S T

=+

=300

1 +309%

L

b1 +30EF T

W/=HA

AT IASHHA L

34

MNT



13

9 2JnbL4

ZHE NI AINIIO3IHA

B Pt S O S HE O OEE 9E ©2 82 & & L& 8L €L +r &1 9t g o + ) i
i T i 1 + i i T i i d_ i i . i i “ i i : 1 I “ i )} . i L EQ+ 300 -
i i I } i 1 $ ] i
i i i t i } i | !
i i i i ] ] H 1 t
i i ] ] i { ] 1 g i
i i i i | 1 | 1 ' — E0-00931 "
1 i i 1 \ i i 1 t
t i ] ] \ ] 1 1 i 3
—t e e e wd ae e e mm e d e O VOO OO SO R e e v e e e L MY L L o b
R Hi e NN , j f i | v T _ _T
| ; M\Jr\ A : _ ! _ | i _ j ¥t so-3008
_ | AN~ /\/\/\/k,r m , | ;
i f I 1 1y i 1 \ 1 {
i f | | ] (_\/...4\/\/} ; i !
t ¢ $ i 1 i i i H
( i 1 1 I i 1 1 1 i _ - e+ 08
! H ] i ¥ t t _ 1 H _
t i i ] 3 i w 1 13
i 1 1 | ; 1 i ﬂ _ 1 :‘
i H i I 1 f L _ 1 if
1 f | 1 { 1 i { 1 { - S+ HDas
1 1 ] i ! | Y .C i A
i t } | 1 ) } 1 I .
t ] i i t i i _ i _ t _)
1 i { i t ] 1 i | “ i
t 1 ! t 1 t 1 _— _ H - ELe~2008
1 ke i ¥ [} b i ] i
i 1] ( \ i i i ] ¥
t t 1 ! ] 1 | i | 1
1 t i i ] i § 1 t
i 1 1 i 1 ' i 1 ) b~ D+ FE{1 ]
i 1 | i 1 { | | i
| i i t i 1 I __ t
i i 1 i i i 1 ] {
i t t ' 1 ' i [ ) )
! t i i \ i 1 t b {3+ S |
i H { H 1 H t H
i i 1 4 i i 3 i
j ! i i j 1 i — i
1 ] H ] ] 1 H € i
i H t i ] i i i i SO O R e Pt |
] 1 i { 1 t { [ i
t t 1] | 1 ] !
i 1 1 ¥ i i H
Mt 95 °C = HAOIS ! ! 1 1 1 1 {
| 1 l 1 1 1 1 - s g
S -/+ = SUWILS 40 ON _ . _ | _ _ L
HING METESOHS _ \ \ \ “ ”
t ] i t i ] i
L ) L { i 1 J e YIS

Ul 35 JINGU T 3GHIAENCA L

WI

-

1

I M s LR

]

o4 1elH



[/ 24nbL4

14

ZHD NI AIJININO3HL

g 9+ b T+ O S 9E & &8 J£ Q&2 9% o e e st af t £ g | af a = $= < i
1 T 1 i _r i 1 r i ] _n 1 1 . d 1 “ ] i ... L “‘ ] ] . L i mﬁ..f w.ﬂ_.—um .

1 ] t i i i [} i
i 1 i i 1 } I !
4 i [} § ] § i [
] 1 ] ] i 1 1 [}

i { 1 1 i i 1 f b £0+ A0+
| i ] ) ! | ____ ! i
H H i i i i i _ H
1 H H i i H ~ i §
i s i 1 } | 1 }

i ; ' ) ; | H i ( L Z0+ 3008

T s MU g N A o} e e e e e e e e — e e e em e e — e T S

g A c\).,..\lf! i ! &% h ;
i {] ¥
Il_r\z\/\/\'/\_\//\. ) _ _

\ i X PRI R i
I
i ]
/ Il
] !

) ~ £+ 30+3
t
._ !
i
i

' - O+ 3000
t

|
I

!
_/i__i =D+ 3961

i EE = TV

e wa wm s me w  de mm de e ey e e e v me e e e e W e e e e e e

V S Lo 12T

2 5 A L=l HAD IS
G-+ = SHPEITS 0 ON
HINME MY TEsM4Ea

_ e TR

?—__ i

!
1
f i
i l
i 1
i t
¢ t
[ t
1 I
i i
' 1
{ i
I 1
f 1
{ i
i i
} i
i !
t i
i i
] i
| i
i i
] {
| i
I i
i i
1 !
L} 1
! H
1 i
1 i
{ i
[ §
i i
i 1
i i
I {
i i

e e mm e e e me o e cm tm e ee e e e e e e e e e e b we e M e e s e e

= e 30T

(ALEENTSOEWT] MQZEDMQEH oINS L

ISHIASNGA L

JINGO3dWT

WA/NHT NT



15

g 3J4nblL 4
W3 NI HINME 40 I30IT1ddd 1SHT 4 Wddd 3TONGLISTIO
0¢I 011 001 06 08 0/ 09 0s )y o€ 0¢ 0T 0

- S +300+ "

- S 1+308€

- 11+3008

T T e e e e e e e e e e e e e e e e f
- - e = m mm we mm e e e mm o e N o e N o e e e e = o ae ]

T
1
}
t
i
i
i
1
i
i
'
i
§
)
i
i
i
!
i
i
i
[
i
t
1
{
I
i
i
]

Am T e e e mm e e e e M e e em e e o e e e o e me e e =

ram

T frl ag+30040 -

~ 1{+3008 °

I kaf\

i ! ! I ]
| f i [ 1 i i
i 1 { ' ! i 1 t
| i ) 1 1 1 ! 1
| | | I I 1 I 1 1
1 s ( { 1 ' ' \ ' ! !
1 ! I 1 1 1 ! 1 ! | ]
1 § | | i i i 1 i | |
I t 1 1 1 i ! 1 ! 1 I
{ ! ! ! ! 1 1 1 ! 1 i L =1 +3091 -
i | I i ! | i I i i i
1 f 1 ) 1 1 ¥ ' | 1 1
. p ] i 1 ! { i g ' 1
MA 9075 = 9IS 1 i ! 1 t | f ! (' |
i ] } t 1 i 1 } I 1 i - - -
S =-/+ = SHHEITS 40 ON I ) i f i i 1 1 1 ! 1 Cl+3am-g
HIONNS MY ISSNHO L " N
1 1 ! ! ! | 1 1 ! t 1
N ; L 1 i i L 1 L 1 1 Z{+ 30

(Gn ST+3EC2 "— = OILUHIFINTI  IAGM “IONIONLTING T

Zi+300y ©

- 2130

- Zi+3091 °

SgHA NI 3IHdM TaNIAanLIaNg

1



6 94nbl4

16

ZHZ ML AJININO3IHA
e ce a9z 81 g1 1 el

L i J. 1

[ g g + < 4

e

co+-30s8t -

~ TQ+308L -

. mm m . m e e

_ ~ 1o+ 3048 "~

1
}
¥
!
I
1
]
§
i
}
|
|
'
_ _
i

R T | o | [ 1

i

A - [o+3082 0

- 103082 WD

K
=4
g
5
<=i;
==

~ SG+3081 D

__ _ - S0+3891 "0

~ S0+3918 '

- SO+3+82 D

4 89 = OIS
5 ~f+ = SHNITS 40 ON
HINAE NYIGEMNYD

t~ E0+3AC 1€ "D

b o e e e e m e e e e e = e e e = = e = e

SH+309€ "D

g 34} JIMNHO3AWT TGN TAn L TSNgT

NI 3IONGO3dWNI HENIONLIENAT

SINHT



5 0T @4nbL4
ZHS NI AININOIHS
b <& ae g1 o =1 &l i =] d t
i i i i £ i ] i I L
t [} ] i
t t ! |
i i i i
1 1 t t
} 1 1 1 -
1 i i |
t i 1
] 1 1
_ ” u .
i i ]
t H ! ]
] t 1
| > ” " | .
| _ agxéiﬁ - . R S o I I | 1
~ M E‘_a " " ﬂ_
i H
] | -~
i 1
i ¥
” | ” " )
i | I |-
H ] i
] 1 [}
_ | || |
1) ] 1 1
u “ I | “ -
H ] I §
" " “ u _
. n ik = “=_ B
1 i i I
i i I |
{ i i ]
[} 1 i 1 —
! | " Vi
] i 1
WA 405 = 9IS “ “ "
S —/+ = SOWEALS I OM _ ! ; B
HINME MBS \ \ ;
1 i ]
(AHENTSHWI]  SOMNEOIAWT N IGML TINGT

L3091

Se+ACTH

1O+ 3063

TC+3091

T4+ 303

10+3009

co+3act

[a v NN G

SO+ -TC

So+aACLE

SL+30CE

i

l

O

Y

RY

0

EY

Ry

SWHO NI 33aNgO34WI ENION LISaN0T



